Despite increased worldwide popularity of keeping reptiles as pets, we know little about hematologic and biochemical parameters of most reptile species, or how these measures may be influenced by intrinsic and extrinsic factors. Blood samples from 43 wild-caught pythons (Morelia spilota imbricata) were collected at various stages of a 3-yr ecological study in Western Australia. Reference intervals are reported for 35 individuals sampled at the commencement of the study. As pythons were radiotracked for varying lengths of time (radiotransmitters were surgically implanted), repeated sampling was undertaken from some individuals. However, because of our ad hoc sampling design we cannot be definitive about temporal factors that were most important or that exclusively influenced blood parameters. There was no significant effect of sex or the presence of a hemogregarine parasite on blood parameters. Erythrocyte measures were highest for pythons captured in the jarrah forest and at the stage of radiotransmitter implantation, which was also linked with shorter time in captivity. Basophil count, the only leukocyte influenced by the factors tested, was highest when the python was anesthetized, as was globulin concentration. Albumin and the albumin:globulin ratio were more concentrated in summer (as was phosphorous) and at the initial stage of radiotransmitter placement (as was calcium). No intrinsic or extrinsic factors influenced creatinine kinase, aspartate aminotransferase, uric acid, or total protein. This study demonstrates that factors including season, location, surgical radiotransmitter placement, and anesthetic state can influence blood parameters of M. s. imbricata. For accurate diagnosis, veterinarians should be aware that the current reference intervals used to identify the health status of individuals for this species are outdated and the interpretation and an understanding of the influence of intrinsic and extrinsic factors are limited.
INTRODUCTION
Monitoring hematologic measures and serum or plasma biochemical analytes is important for evaluating the health status of reptiles kept in captivity for research, as pets, or in zoos (Nordøy and Thoresen, 2002) . Evaluating hematologic and biochemical responses can facilitate the diagnosis of stress and disease states in reptile species (Christopher et al., 1999) . Blood analysis can be used to detect conditions such as anemia, inflammatory disease, parasitemia, hematopoietic disorders, and hemostatic alterations by comparing individual samples with a clinically normal sample population (Campbell and Ellis, 2007) . Reptilian blood analysis has not been evaluated for clinical application to the same extent as in mammals, although various blood values are known to be influenced by factors such as age, sex, and nutritional status (Campbell, 2004) . Reference intervals have typically not accounted for these variations in intrinsic and environmental factors, making interpretation difficult (Campbell, 2004 (Campbell, , 2006 .
The International Species Information System (ISIS) reports hematologic measures and plasma biochemical analytes for samples collected from 25 pythons (Morelia spilota) from 10 institutions. However, no details are provided on source of the animals, nor is any information given to indicate sex, season, or length of time in captivity before blood sampling (Teare, 2002) . The Near-Threatened southwest carpet python (Morelia spilota imbricata) that inhabits southwest Western Australia measures up to 2.4 m snout-to-vent length (SVL) and can weigh up to 6 kg (IUCN, 1998; Pearson et al., 2002) . Since 2003 it has been legal to obtain a license and keep reptiles as pets in Western Australia, including the southwest carpet python (Edwards, 2003) . As part of a wider ecology study on wild-caught M. s. imbricata, blood samples were collected to assess whether the health of pythons was adversely affected by having a radiotransmitter surgically implanted into their coelomic cavity, which enabled in situ monitoring of individuals. This study therefore presented a unique opportunity to carry out repeated sampling for this population of wild pythons over time, before and after surgery. We present hematologic and biochemical data collected from 43 individuals and analyze the effects of season, sex, study site, anesthesia, duration of time in captivity, radiotransmitter placement over time, and the presence of parasites (Haemogregarina sp.) within red blood cells.
MATERIALS AND METHODS

Study animals and sample collection
Forty-three southwest carpet pythons were collected through opportunistic hand capture for an ecology and thermal biology research project. Individuals were captured in the southwest of Western Australia from two habitat types (referred to elsewhere as study site): 1) coastal woodland: included animals captured and monitored at Martin's Tank (32u519S, 115u409E) and Leschenault Peninsula Conservation Park (33u269S, 115u419E) and 2) jarrah forest: areas surrounding Dwellingup Township (32u439S, 116u49E Body mass (M b ) was determined with a calibrated spring balance (60.2 kg), and SVL was measured with a tape measure in a straight line along the ventral surface of the python from the tip of the mouth to the cloaca. The sex of each python was determined by eversion of hemipenes or by insertion of a lubricated blunt probe into the cloaca and then directed toward the tail to determine the presence or absence of hemipenes. Sex was determined by depth of the probe insertion, as measured by the number of overlying subcaudal scales. Females probed to between one and five scales, whereas males probed to depths equivalent to 7-20 scales. Adult male pythons weighed an average 6946(SD)285 g (range 298-1,500 g) and measured SVL 134617 cm (range 97-170 cm). Adult female pythons weighed 1,4206554 g (range 103-3,731 g) and measured SVL 1796119 (range 90-200 cm).
Upon initial capture, pythons were brought into a holding facility at the DEC Research Center, Dwellingup, Western Australia between December 2006 and November 2008 to undergo surgical implantation of radiotransmitters (for surgical details see Bryant et al., 2010) . When held at the research center, the animals were housed in a 25 C temperaturecontrolled room in purpose-built ventilated enclosures with flooring lined to approximately 2-cm depth with recycled newspaper kitty litter (Old News Cat Litter, Ciber Cycles Pty Ltd., Toowoomba, Queensland, Australia). The enclosures contained a hide box as a cardboard box with an entrance hole cut into one side, cage furniture including a branch and rocks, ad libitum water, and an external heat pad positioned under the plywood flooring that heated that portion of the cage floor above the heat pad to approximately 30 C. All cages were kept in a room under natural lighting provided by a large window. If they were held for .3 wk during warmer seasons, pythons were fed dead laboratory mice and rats that were stored frozen and thawed before feeding. Pythons were not fed during winter. Animals were held for varying lengths of time because of logistic reasons, including the necessity of customizing a radiotransmitter for surgical implantation. Length of time each python spent in captivity before sample collection was recorded and scored for statistical analyses as 0-30 days (n533), 30-60 days (n518), and .60 days (n57).
We recorded repeated samples from pythons at three time points; however, the number of samples collected from pythons varied between these points. At the initial stage of presurgical implantation of the radiotransmitter 38 blood samples were collected in the laboratory (pre-TM, n538 individuals). Twenty four of these 38 pythons were anesthetized via inhalation of 1.5% isoflurane gas. The remaining 14 pythons were manually restrained by holding carefully within calico bags, with the tail exposed for blood collection from the ventral coccygeal vein. Animals were opportunistically allocated to these two treatments on the basis of logistics around the transportation of blood samples to the clinical laboratory for analysis. The reference intervals were calculated from the samples collected from these 38 animals. Pythons were released approximately 2 wk after surgical implantation and were radiotracked weekly to monitor feeding behavior and habitat use. When pythons could be captured by hand from their retreat site, 3-12 mo (average 6.8564.86 mo) postimplantation of radiotransmitters (post-TM, n522), a second blood sample was collected from manually restrained conscious animals in the field. One python was moved back into temporary captivity for surgical replacement of a radiotransmitter due to battery failure, and the posttransmitter (second) blood sample was collected under anesthesia. Pythons were anesthetized at the time of radiotransmitter removal, allowing a third (removal-TM, n520) blood sample. Twelve individuals lost their transmitters during the period of tracking and 13 died over the 3-yr study (postmortem examinations were performed when possible and the results are presented elsewhere; Bryant, 2012) . In total, we collected 77 blood samples from 43 animals. Sixteen pythons were sampled once, 17 were sampled twice, and 10 were sampled three times.
A range of needle sizes (depending on the size of the python; 25 G for SVL,100-cm pythons, 25 G, 23 G for intermediate sizes, and 21 G for SVL.150 cm) and a 2-ml syringe (BD PrecisionGlide TM Needle; BD Slip Tip Syringe; Becton Dickinson, Singapore) were used to collect blood samples from the ventral coccygeal vein. Fresh blood smears without anticoagulate were made immediately after collection; the remainder of the sample was carefully transferred immediately into 2-ml (13375 ml) lithium heparin vacutainers (BD VacutainerH, Becton Dickinson, Plymouth, UK) and kept refrigerated at approximately 4 C during transportation to a commercial laboratory. Analysis was completed by Vetpath Laboratory Services (Ascot, Western Australia, Australia) within 48 hr of collection. Samples collected in the field were kept on ice in an insulated container or refrigerated when possible before transport to the laboratory. Whenever possible, a complete set of hematologic and plasma biochemical data was collected from each blood sample. Incomplete blood analysis was common, generally due to insufficient volumes of plasma for the full biochemistry panel.
Hematology analysis
Blood samples were analyzed using a CELL-DYN TM (Cell Dyn 3700, Abbott Diagnostics, North Ryde, New South Wales, Australia) analyzer using the reptilian/avian setting to take nucleated erythrocytes into account. The blood variables analyzed included hemoglobin (Hb), packed cell volume (PCV), red blood cell count (RBC), mean cell hemoglobin (MCH), mean cell volume (MCV), mean cell hemoglobin concentration (MCHC), and total white blood cell count (WBC) using the automated system. Manual calculations for PCV were made to correct hemoglobin values (Hb, MCH, MCV, and MCHC) and if these measures did not correspond (8/77 samples), they were removed from further analysis and only PCV was included.
Blood smears were air-dried and stained with Wright's-Giemsa stain by an automated slide stainer (Hematek, Siemens, Osborne Park, Western Australia). The proportions of heterophils (including potential eosinophils, which could not be definitively identified by morphology alone; Stirk et al., 2007) , lymphocytes, basophils, and combined monocytes/ azurophils ( Fig. 1a-d) were classified through manual counts of blood smears. Parasites in red blood cells that were morphologically consistent with a Hemogregarina species were found in some samples (Fig. 1e ). Following descriptions provided by Mackerras (1961) of the seven Hemogregarina species found in Australian Boidae (O'Donoghue and Adlard, 2000) , the species in this study appears to be Hemogregarina moreliea. Samples were categorized according to the presence or absence of the hemoparasites in smears.
Plasma biochemical analysis
A minimum of 150 ml of plasma from heparinized blood samples was used for biochemical analysis. Plasma was analyzed for creatinine kinase (CK), aspartate aminotransferase (AST), uric acid, total protein, albumin, globulin, albumin-to-globulin ratio (A/G), calcium, phosphorous, and glucose using an automated chemical analyzer (Olympus AU 400, Integrated Science, Tokyo, Japan). Because of varying lengths of time before laboratory analysis (up to 48 hr) and incomplete data collection, glucose results are variable and therefore, although range of data is indicated, caution should be taken when using the values presented here. For these reasons, multiple regression analyses were not performed on glucose.
Statistical analysis
Reference intervals for M. s. imbricata were investigated for the first time period sampling point only (pre-TM implantation) for 38 individuals. Blood samples from three female pythons were removed as they were considered outliers using Dixon's range test within the program Reference Value Advisor V 1.4 (Anonymous, 2010) ; reference intervals were therefore calculated using blood samples for 35 individuals. Standard descriptive statistics include sample size, mean, standard deviation, minimum, median, and the maximum values. Normality tests were performed and if required, data were transformed with Box-Cox transformation. The lower and upper limit of the reference interval as well as the 2.5, 5, 90, and 97.5% confidence intervals are given where possible using the program Reference Value Advisor V 1.4 (Anonymous, 2010) .
Data from our study (M. s. imbricata) are expressed as a proportion of reported ISIS average values (M. spilota) following the formula:
Multiple regression analysis (Statistica 9.0, Statsoft Inc.) was carried out separately for each blood measure (dependent variable) against the same independent factors: sex (male or female), study site (coastal woodland or jarrah forest), season (summer: DecemberFebruary; autumn: March-May; winter: JuneAugust; spring: September-November), anesthesia (anesthetized or conscious), the experimental phase of sample collection (three categories: pre-TM, post-TM, and removal-TM), the time in captivity from capture until sample collection (three categories: 0-30 days, 31-60 days, and .60 days; animals sampled in the field were ascribed as 0 days), and hemoparasite presence (positive or negative). The blood variables examined included: Hb, PCV, RBC, MCH, MCV, MCHC, WBC, heterophil, lymphocyte, basophil, and combined monocyte and azurophil counts, CK, AST, uric acid, total protein, albumin, globulin, A/G ratio, calcium, and phosphorus.
Chi-square analysis was used to determine variation in hemoparasite prevalence across seasons with the expected values calculated assuming an equal proportion of the population was positive each season. A similar analysis was carried out for H. moreliea hemoparasite prevalence at each sampling period, assuming an equal proportion of samples collected pre-TM, post-TM, or removal-TM were positive (i.e., expected values calculated assuming an equal distribution across these three time points). Chi-square analysis was also used to test for a significant difference in H. moreliea prevalence between study sites.
RESULTS
Reference intervals
Reference intervals are shown for 35 pythons for blood collected before surgical implantation of radiotransmitters (pre-TM) only (Table 1) . Raw, untransformed data are shown for reference intervals.
Most average values found in this study were similar (,20% difference) to published ISIS values for M. spilota (Teare, 2002) . However, MCV were twice those of published ISIS values, WBC counts were Tables 2  and 3) .
Season, anesthesia, surgical implantation, and time in captivity significantly influenced some hematologic and biochemical analytes; however, due to the lack of independence of the factors tested, the effects of season and radiotransmitter placement cannot be differentiated. Season significantly influenced values for MCH (t 56 53.33, P,0.01), MCV (t 56 5 2.55, P,0.01), albumin (t 65 52.07, P,0.05), A/G ratio (t 65 52.42, P,0.05), and phosphorous (t 65 53.23, P,0.01). For MCH, MCV, albumin, and phosphorous, the lowest average values were recorded in winter (Tables 2 and 3) , whereas the A/G ratio peaked in summer (Table 3) . Blood values were apparently influenced by anesthetic state, with anesthetized animals having higher average basophil counts (t 55 52.10, P,0.05) and globulin concentrations (t 65 52.01, P,0.05; Tables 2 and 3). The A/G ratio was also lower for anesthetized animals (t 65 5 22.09, P,0.05; Fig. 2 ). Significantly more pythons sampled at removal-TM were positive for hemogregarines compared with pre-TM and post-TM (x 2 1 58.30, P,0.01; Fig. 2 ).
DISCUSSION
We examined the influence of intrinsic and extrinsic factors on hematologic parameters and plasma biochemical analytes in a Western Australian python species. Health screening provides useful baseline data for conservation management programs of wild populations of threatened species and for species held in captivity for zoologic collections and as pets (EspinosaAvilé s et al., 2009). We provide reference intervals for wild-caught southwest carpet pythons that could contribute to health screening of these animals for conservation management. There was no significant effect of sex or the presence of a hemogregarine parasite, but season, time in captivity, anesthesia, and the stage of radiotransmitter implantation did influence blood parameters.
Because of the physiologic flexibility of reptiles (e.g., poikilothermy, long-term fasting, and rapid up-regulation of the digestive system upon feeding; Bedford and Christian, 2001; Secor and Ott, 2007) , reference intervals are difficult to establish (Campbell and Ellis, 2007) . The overall average leukocyte counts in this study for M. s. imbricata varied substantially from ISIS reports for the species (all values presented as M. spilota). This discrepancy may reflect differences between subspecies of Morelia that include varying diet and potential climatic influences such as rainfall, temperature, and humidity, but also reflects that ISIS values do not follow the current Clinical and Laboratory Standards Institute (CLSI) guidelines for calculation and presentation (C28-A3) and should be updated (CLSI, 2008) . Leukocyte counts for M. s. imbricata differed from ISIS values in a manner consistent with heterophilia and lymphopenia, which can occur with a stress response to capture and handling in wild-caught pythons (Campbell, 2004 (Campbell, , 2006 Campbell and Ellis, 2007) . Alternatively, there may be differences in leukocyte identification between individual pathologists. The high heterophil numbers by comparison with low lymphocytes, basophils, and monocytes/azurophils may suggest the latter. However, we also recorded higher CK and AST in M. s. imbricata compared with ISIS average values, which may suggest muscle damage associated with handling of wild-caught individuals (assuming that the majority of samples used for the ISIS values are from captive animals that may be habituated to human presence and handling). The differences between values presented in this study and reported ISIS values may therefore reflect real differences for wildcaught animals. Although multiple regression analysis should simultaneously take multiple factors into consideration in its computation, we nevertheless urge caution in interpretation of data where there are clearly unequal samples collected for each factor and where multiple factors could influence the results. Multiple regression analysis did not distinguish between samples collected from male and female M. s. imbricata for either hematologic or plasma biochemical analytes tested. Morelia spilota imbricata are capital breeders and will breed only every second year, at best (Pearson, 2002) . Over the 3-yr study, only seven females were identified as gravid once over this time; only two of these were sampled while gravid (none were sampled postoviposition) and they did not stand out as outliers. Therefore, to our knowledge, the majority of female M. s. imbricata sampled were nonreproductive. Similarly, serum biochemistry does not vary between male and female black diamond water snakes (Nerodia rhombifera rhombifera; McDaniel et al., 1984) , a viviparous species. By contrast, other studies have identified sex differences in plasma analytes for various species of snakes, with elevations of plasma calcium, phosphorus, and protein concentrations in females during estrus and egg production (Dessauer, 1970; Campbell, 2004) . It is therefore likely that blood measures only differ between the sexes under specific reproductive states.
We found significant seasonal differences for MCH, MCV, albumin, A/G ratio, and phosphorous concentration. Wojtaszek (1992) noted a significant decrease in RBC, PCV, and Hb concentration in spring, the mating period for the grass snake (Natrix natrix natrix), and attributed the hematologic changes to a hormonal influence produced by decreased erythropoietic activity and from some RBC breakdown during winter. The reduction in albumin and phosphorous concentrations in winter for M. s. imbricata is most likely associated with fasting (Campbell, 2004) . The state of pythons during sampling (anesthetized or conscious) appeared to influence some blood measures. Basophil count and globulin concentration were elevated for anesthetized M. s. imbricata (and the reverse for the A/G ratio). We have little understanding of how anesthetics influence hematologic and biochemistry values in snakes (McDaniel et al., 1984) . Further testing including perioperative, intraoperative, and postoperative stages of anesthesia and surgery would be beneficial in deciphering the interpretation of anesthetic effects on specific hematologic and plasma biochemical values.
The time individuals were sampled in relation to radiotransmitter placement appeared to affect several hematologic and plasma biochemical values. However, given that we opportunistically collected blood samples, it was not possible to control for the seasonal spread of samples collected at each radiotransmitter implantation stage. As pythons are most active during spring and summer, they were opportunistically captured at higher rates during that time (20 of 35 samples were collected in summer; Fig. 2) , and the study concluded in spring of 2008 when most radiotransmitters were removed (19 of 20 removal-TM samples were collected in spring; Fig. 2) . Hemoglobin, PCV, RBC, calcium, albumin, and the A/G ratio were all highest at the pre-TM stage of implantation. The majority of pre-TM samples were collected during summer, and although season did not statistically influence Hb, PCV, RBC, and calcium, the seasonal effect was significant for albumin and A/G ratio. These parameters may reflect hydration or nutritional status. A study by Lentini et al. (2011) , specifically designed to test the inflammatory response of implanting radiotransmitters in rattlesnakes (Sistrurus catenatus catenatus), found that 33% of implanted snakes had grade 3 or higher reactions (on the basis of histopathologic tissue examination) with extensive and active inflammation. The reaction to the implant was reflected with increases in counts of heterophils and monocytes and a decrease in globulin concentrations after 6 mo. Hemoglobin was significantly lower compared with snakes without implants (Lentini et al., 2011) . Increases in these leukocyte counts were not as pronounced in our study at the three transmitter sampling stages; however, reduced Hb concentration at the last two sampling stages may indicate an anemic response, similar to that found by Lentini et al. (2011) .
Hemogregarine parasites (Phylum Apicomplexa, Family Haemogregorinidae) require a vertebrate host (e.g., reptiles) and an intermediate invertebrate host (e.g., ticks, mites, mosquitoes, or leeches) to complete their life cycle (Diethelm, 2006) . Infection with hemoparasites is often subclinical in reptiles; however, heavy burdens can result in anemia (Diethelm, 2006) . Hemogregarines are reasonably common among snake species, including brown tree snakes (Boiga irregularis) and slatey-grey snakes (Stegonotus cucullatus) from Queensland (Caudell et al., 2002) . In these two species, there was no significant difference between infected (less than 10% of RBCs) and noninfected snakes for Hb, PCV, albumin, calcium, phosphorus, protein, uric acid, AST, and CK (Caudell et al., 2002) . Similarly, we found no significant differences in any hematologic or biochemical analytes for M. s. imbricata according to hemogregarine parasite status. The incidence of hemoparasites in M. s. imbricata did, however, vary significantly seasonally, with a greater prevalence in blood smears collected in spring. Changes in seasonal prevalence of hemoparasites have been observed for some lizards, where there is greater hemoparasite prevalence toward the end of the mating season in spring (Amo et al., 2005; Huyghe et al., 2010) , particularly in females (Amo et al., 2005) . In comparison, males often show consistent levels of hemoparasite prevalence across seasons, which has been attributed to the immunosuppressive effects of testosterone (e.g., Amo et al., 2005) . Increasing numbers of invertebrate intermediate host vectors during spring would potentially drive an increase in the prevalence of the hemoparasites and hence the number of affected vertebrate (python) hosts (Huyghe et al., 2010) . Furthermore, M. s. imbricata show greater movement and activity patterns during spring (Pearson et al., 2005) , which may increase exposure to intermediate invertebrate hosts at this time. About 95% of samples were collected from pythons in spring at the time of radiotransmitter removal and there was a significant difference in the presence of hemoparasites during this sampling period. Although no conclusions can be drawn regarding the relative influences of diet, breeding activity, or stage of capture/sample collection, this seasonal pattern in hemoparasites warrants further investigation.
In conclusion, it is important to consider a variety of factors when interpreting hematologic and biochemical values for diagnosing diseases or evaluating health status of pythons. We found compounded seasonal differences in blood analytes and the time of sampling, which may be related to feeding and hydration status. Although our data suggest an effect of radiotransmitter placement, we recommend that additional research be undertaken. We hope to provide the impetus to further improve the understanding and interpretation of hematology and biochemical analytes in reptile species.
